A new rare earth carbide boride halide, La 3 Cl 3 BC, has been prepared by heating a mixture of stoichiometric quantities of LaCl 3 , La, B and C at 1050 • C for 10 days. La 3 Cl 3 BC (La 3 Br 3 BC type) crystallizes in the monoclinic system with space group P2 1 /m (No. 11), a = 8.2040 (16) 
Introduction
Metal-rich rare earth (RE) halides with a ratio halogen/metal < 2 exhibit a rich structural chemistry [1 -3] . Their building units are characteristic metal clusters, mostly filled with interstitial atoms. A variety of elements from throughout the periodic table can be incorporated in the cavities of the building units, RE 6 trigonal antiprisms, RE 6 trigonal prisms and RE 5 square pyramids, as illustrated by numerous examples, such as ALa 6 I 12 Z [4 -6] , La 3 X 3 Z [7] , Pr 8 Cl 7 B 7 [8] and RE 3 X 2 BC 2 [9] (A = alkali metals, X = halides and Z = main group elements). B-C substructures, such as B-C [9, 10] , C-B-C [11, 12] , C-B-B-C [9] , or C 2 -B-B-C 2 [13] entities, have been observed in a few reduced rare earth halides with these atoms as interstitials. In the structure of rare earth boride carbide halides, B atoms always center trigonal RE 6 prisms, and the C atoms of all B-C substructures (B-C distance 1.6Å) lie near the basis of tetragonal pyramids, while discrete C atoms occur in an RE 6 octahedral environment.
Here we report the preparation, crystal structure, electrical conductivity, as well as the electronic band structure of a new rare earth carbide boride chloride, La 3 Cl 3 BC.
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Experimental Section

Synthesis
Owing to the air and moisture sensitivity of some of the educts and all of the products, all operations were carried out in an argon filled glove box or by standard Schlenk technique.
Lanthanum metal (Alfa Aesar, 99.99%) was filed into fine powder in a drybox (M. Braun). LaCl 3 was prepared by the reaction of La 2 O 3 with HCl (37%) and NH 4 Cl, the product being dried under dynamic vacuum and purified twice by sublimation in a Ta container before use [14] . Graphite (99.4%) was heated at 1000 • C under dynamic high vacuum for 12 hours.
Reaction of a mixture of stoichiometric quantities of La, LaCl 3 , B, C in sealed Ta tubes at 1050 • C for 10 days, or at 920 • C for 1 day and then at 1100 • C for another 10 days, quantitatively yielded La 3 Cl 3 BC, according to the Xray powder diffraction diagram.
Crystallography
Single crystal diffraction
Crystals suitable for single crystal diffraction were sealed in glass capillaries under argon and checked by the Buerger technique. X-ray diffraction intensity data were collected up to 2θ ∼ 60 • at room temperature on a STOE IPDS II diffrac- 
tometer (Stoe, Darmstadt) with graphite-monochromatized Mo-K α radiation (λ = 0.71073Å). Details on the data collection and structure refinement are summarized in Table 1. The intensities were corrected numerically for absorption [15] . The structure was solved by direct methods and subsequent difference Fourier syntheses, and refined in full- 13 (1) 17 (1) 13
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matrix least-squares fitting on F 2 by using the SHELXTL package [16] . *
X-ray powder diffraction
The X-ray powder diffraction patterns were recorded on a STADI P powder diffractometer (Stoe, Darmstadt), using germanium-monochromatized Mo-K α radiation (λ = 0.71073Å) with the samples enclosed in sealed glass capillaries.
Electrical Conductivity
The electrical conductivity between 5 K and room temperature was measured according to the van der Pauw method [17] on a pressed pellet (6 mm diameter, 1 mm thickness).
Electronic Structure
The density of states (DOS) and the crystal orbital overlap population (COOP) [18] curves were computed us- * Further details of the crystal structure investigation are available from the Fachinformationszentrum Karls ruhe, D-76344 EggensteinLeopoldshafen (Germany), on quoting the depository number CSD-415102, the name of the author(s), and citation of the paper.
ing the tight-binding extended Hückel method (EH) [19] . 435 k-points in the irreducible wedge of the Brillouin zone were employed in the EH computation. 
Results and Discussion
La 3 Cl 3 BC was initially detected in a reaction of La: LaCl 3 : B = 5: 1: 3 as a few needle shaped crystals after heating at 950 • C for 10 days, followed by heating at 1000 • C for another 10 days. Structure analysis indicated a crystal composition La 3 Cl 3 B 2 or La 3 Cl 3 BC. Attempts to prepare pure La 3 Cl 3 B 2 samples were made at different reaction temperatures and durations but failed. EDX analysis on the crystal for which X-ray diffraction data had been collected confirmed the presence of C in different areas of the crystal, however traces of carbon could have been introduced by contamination with vacuum grease which was used for glassware sealing during sample transfer or Ta tube sealing. Preparation of La 3 Cl 3 BC in quantitative yield was successful by heating the stoichiometric mixture of La, LaCl 3 , B and C at 1050 • C for 10 days, or at 920
• C for 1 day and then at 1100 ever, these building blocks are three-dimensionally connected and due to the antiprismatic surrounding, the C2/B2-C2/B2 distance become as short as 1.65Å instead of the comparable B-B distance 2.16Å in La 3 Cl 3 BC.
The B-C distance of 1.63(2)Å is slightly longer than that in Ce 3 Br 3 BC (1.57Å) [4] , but much longer than in La 5 B 2 C 6 (1.32Å) [13] ; the B-B separation of 2.16(1)Å is very close to that in Ce 3 Br 3 BC (2.18Å) [9] . A Pauling bond order of 0.11 indicates The temperature dependence of the resistivity of La 3 Cl 3 BC (Fig. 4) [22] .
The first description corresponds to a hole in the extended 1 ∞ [BC] 6− chain, whereas the second calls for a delocalized electron in the La framework. Both descriptions predict a metallic behavior of the compound. Of course, this simple view does not refer the extended B-B-B and the strong La-B and La-C interactions in detail. These interactions lead to finite DOS at the Fermi level, a necessary condition for the metallic property as the EH calculation (see the next section) shows.
Both descriptions assume a B-C single bond. Considering charge transfer to the positively charged La framework in the above formulations, the B-C unit should be closer to (BC) 5− . Fig. 5 shows the calculated DOS using the EH method. The Cl 3s bands, not shown in the figure, lie in the −30 eV region. The peak near −23.5 eV corresponds to C 2s lowered from −21.4 eV of a free C atom, which indicates strong La-C interaction. The Cl 3p bands peak at −15 eV and the C 2p and B 2p bands spread from −14 to −10 eV. The B states are more delocalized due to the weak interactions along the B-B-B zigzag chain at the distance of 2.16(1)Å. A significant La participation below the Fermi level indicates strong covalent La-B and La-C covalent interactions. Fig. 6 depicts the calculated EH COOP curves of representative bonds in the La 3 Cl 3 BC structure which all contribute to bonding up to the Fermi level. The C-C and C-B interactions are strong as shown by their corresponding overlap population values, and so are the La-C and La-B contacts. These strong interactions are expected considering their relatively short distances. While the B-B curve is smeared out in a wide energy region due to the B-B-B inter-cell interaction, the C-B interaction is associated with distinct peaks. The assignment of these peaks is 2sσ , 2sσ * , 2pσ , 2pπ and 2pπ * with increasing energy, although several peaks are broadened due to the interaction with the extended La framework, making the assignment only semi-quantitative. Nevertheless, these peaks are clearly corresponding to a single C-B bond.
Finally, the question is addressed why the C and not the B atom of the (BC) n− (n = 5 or 6) unit is located in the La 5 square pyramid with no interaction between adjacent cells along the b-direction. Our EH calculation of a hypothetical La 3 Cl 3 C 2 compound in the La 3 Cl 3 BC structure has shown that the C atom in the La 5 square pyramid accumulates 0.5 of an electron more than the C atom at the other end. This is likely a consequence of a lower coordination number and/or larger coordination distances within the La framework. The B atom, therefore, should reside at the position which collects less electron density in accordance with the "coloring scheme" [23] .
